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Laser welding {5 O™ af runy oracessdd us—d at twe
Los Alargs Scurtific Laberatory LAN! O fapriuate
prototy;e Jaicnliles 10 e used mar DT L ared
progravy,  The Jeocdry appliaitivn ar laser warlngg
at LASL i for ass- b1y of roat sensiitee 08 parenta
and/or weleing 1n 53500us ervirgr :nAty Q% Prosadres
significantly arove atagsimeric, »olif state, raliew
wode Rd=-TAG sy:lcoms are Tivered 10 021410 tre =an' 0
coupling efficione, with he wilde ra~ 2 of otal
alloys used. A characteristic o1 laser ; rucessing 13
the ability to deliver disireze, 2re.vsely <afinet
quantities of enerjy tu %ve work picie ani Ly perform
real time roritiring of e aeraje y.uer {watt:! and
the pulse characieriutic (Jeale. el ot tae laser
beam. It has toen our eatericriy, that e«hen those
operatiomal parametenrs are ntrelied ars t-e counling
action of the liaser to L g itrate In gaealiron s
well characterized, then ine aro:ies iy utficieatly
reliable to profuce cumsistin=, repratable walding
resuits. An maception Lo Lhis Cisaration {3 Lne
walding of cocnonents in preisuri;ad aori coaFzars,
Extremely erritic and unpreciclii le aeiding deravior
hag been arperien-.ed when tl.) wriding is perforzes at
pressured above atorpnaric,

An aza=ple of a hi~k prevsyre welding apslication is
the laner saal welimq of 1rarttal fuion (i) ecpreri-
mental targot aisasblies, i€ idaer 15 uSed O
parfor= a 1eal #ald at pressare Andl 7us orc juwe 2
gas-filled seatad if tarzet, "4, (3 an ea’rotely
semsitlive weldirg proc Jdure ird an ndve eneuunternd
difficultion 19 01 2air iRy ci-rsiztant weldir] results,
particularly as tme 925 nroe sure 15 j=creased atove
~] FPa. [nvestjatiom of ' {5 ¢ Irdicate; that
sigaificant quintitiv. of *1a lazer srneriy can in
absorbed by 2 2iav plure wntch 15 wreunt durirg Lie
time that the las = heais 15 INPcr LN g1 the
surface of tme it aterial,  ait ar grLhyenmgy
have been cosnrvet with Wl ), 1o g ar ] ping gt
atmospharic prevtare vad ny,e b oun ae’l 9o qnta] in
the Tterature {1,0). M ,uanr, w7mi0u  repare.
doaling with Lre “d-YRh L 24% ¢ and) e 20t gteyrps
tion of la.er -m.-ny inthe ;1. a4 15 0f M0
{mportance sinze: &) trareee [ IR LI Y 1 S |~
i vnaffecied %z ohe plu r a . .r'-r ll LA
Sarsus 10,8 0 fur LY, daint ln|'- ot "he oind
b) the pulied rade o= atton of the ' fafly nFo ooy,
the plansa Pre  redchineg o= gff0 der %y p s yRt =ty
e causw 1 mfianl Lauer 20 ops deocald rrd
mo prior re e TIILUNE [rn ., Inq gn
high pres. re N T FRTY B T R
perforred 1 4%l o alr ) CLF tRRRRINA NS D
wndepstanding of e protle
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High gpwes it praplt et lpe, wirs anid tu Qudy
the plasma tor gt an e e ol ewer gt g oo gt
tiony, Lo , 0 SRR TR Y PP TR
shisdd -, s [N TR S I
higull hied lig ! 'R BN B IE RN PRI BTN
AN lgoranishvg, o0 1)aby g tesg plipg
plasecd Lo foe] Wb G w0 g own Yeas g !
LILLT R AT LTRLLE U N B R T A Py b 8 g
wd.vut a4l Pra Mg 0 - L I oanwl M s 1
Ihe thage®ep "4 n® Ve oy by gt ot oo
il Sonrn (07 g, gudes aey gyl o vt s

rate (10-200 pri). fucus and average power (watts). A
flat stainlegs steel sl trate was used as t&e Larael
waierial for st of tuose evwery 'ontd. Figure ! shwows
aore selavted frases ro; resentithe of 3 7-ms pulse,
The plasra plaie 1y fully Javeloped slmoat instantan-
vously and %re Faj0r porion ot t=e laser pulse is,
tmerdford, trave=i1tted 1wraunn the plass. Figure o
shous the chiracteristics of tne plure in more detail.
An 1rner intense Jlow 16 surryuaded £ 2 less brilliant
guter frinje waten contdies substant'al quantiti.es wi
partivutate 1mcluding solid pleces of weld snaticr.
Tha rluve 18 extinquiched hetsr on puizies and apscars
to conforr enactly to the duratior ot tha laver ru'se.
There was ro singie para=eter that, »y 1tself, had sny
siant ficant effect on t-¢ characteristics of the plime
forsation, Tna iatensit; of the plassa appeared to
Increase with increared intonsity of the laser enm gy
deliverad to toe work wurface,

A second series of evperiments was performed uting a
transparent vacuwm bex to visually odserve the ctffect
of vacuwa, aryam, and helium qus ewirorrents. The
laser was diracteq trryujn 4 7lars vindow and focusad
on a stainless steel plate. riqures 3, 4, and 5 30w
the varfatior in the visible Fluce at the various
conditions. dith a slight positive 2ressure in arqon,
the plasra {s intense ard localized atove the larget
surface. The intumsity {3 stgnificartly less in the
haliut atnas;sere, dnd fa 4 vacw'. 0! ~ id Torr tnere
Is wary Hietivw presre elfecs dne . e @uciine v e
laser tea' {3 faviney, pre=ucibly due to the incan-
descent qlow Zausnd py irteraciion c® the laier beam
with vaporiang retal, Tre weld pemecrations ohtair -y
duri~g thase %ests ware alye o) inters: , @.1., Uk
weld: (n neliys ware tvrac times 4% 27en a9 thase made
in argun and the vacunm welds aere Sasn: 190K a8
panetrating 2% the noliws welds. It " ou'd De noted
that, 1N vacue?, the wilow 1nner sarface is rapidly
wated with vapor caines ahich reculiz {n tranwmisaton
probie-s. Trc final testirg was an attempt *n moa-uie
the effecd of "ijn pressure on weid penetratifon nver
the ,resture range ‘rom aloosrhere to 70 MPa,  Tigure
6 vhus @ 320 endt it ot She prevsury vessel wind for
this stude, A svirgle palie fror the lover was directed
thah the ubi™ire window and foruied at the tarqel
surtare, A sertes of 539t wnlid, pnre maile 4L vAd IR}
prrescures in ngiragen (degterive  q4u and e
on tednureg 9. a funciton of 543 presture.
are Shan A6 Fogure 7,

hr O W 4% Nater 4, wved in g wmidie ) nin, the
(L11] A 2re e ] laner Geae with L gais -
plere e tgen renyle, in e (nittation af 1 plama
plu r, Die arpegranee ot Awe ple g wyrre e ol
perinely w1t e lgner pyl- s wid?, fressper Hiyn of
the ;b e wnge e e falinstty ut
1Y L e, it b gt e e i, The fRe
1y nt i laLer vadtat ion, 4nd the Qg dad
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I 10 1y githgm the Legpe of Phi, paper to pralate
E LY TN TR R AT TETFY R T I vnoplatr a, lhow wer,
i, Dty ore aling Pyopgn Yy wn duse Iy L,
lases ar%en gy "y




The tarwt % %= Mes s m oy IR Trammisadon
of the lawer p .- [ AL T SRS T 1]
il e VAT IR
«uw oo 1 e
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The results afcaird v peoonnqn, 22 wore IR S .-
SUre Are A -l T Jundee L 1wt ag euuld
GAPECL e " amald Frr g B et 1 S rtde
with imcraas1t 1 provure, g1 ar 12 = 1.0 sla
fatem ity and Laor g - EI T P
sive data related B provie ~ 2 o A2 ting e =pe
of mapurivurt, 3 d 1% @ evfur 7. A hria reneated
G verif, 1me Litd, Inerw -, moLawer, i@ heires OF
confldn.ce 'n She geroral mascv ¢f 0 Jurwe ar Frgum
7. A passidle ewelaration v 2y ape of tRD Curve
I6 pre: ded as Frilowa: at lom (rosafe, PR Wa0OR
of trw "19gr radtaticn i< ervacder 7 Al Curreimmding-
1y 3 +d . =ld peme ration: av i fesaiuw and Slav
intemsr, ncrdage, 1 Praciralin Lecrvases Lo 2
Biniges 2l 3L aniCh IR W’ "remscer by raduatien
from the Inteate pliwra bece. =4 2 Fac%r In F27ur1n-
ing tne dapth o7 the molt 2oma. <eafdiicn fron t-g
plassa 15, twwefars, a pri- ary soarce o f wurface
melting at the hipwst preituris aanined ia tais
fmvastigition.
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The plasma plu~e Yorrad dur'nd wi' 1ing oith a puited
Nd=-TAG laser alig=uates Lne lajer radfarior and
dlmll{ affacty ecld punetration, Thg 3li=ngatiun is
propartional L the intemvity °f =g pla-ra anld,
tharefore, incraaies with Increms 14 tre 238 srey.ure
of the wirking envirem—crt, A ¢ inteamity af iue
plasma intreasvs, hedt radlation t=w teq play-a
becenas a a'jrificant factyr can’ri? ytiry %) "o tize
of Lhe melt Fome.
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Single frame frco - . ) f.p.s. ~0t'sn risture; laser '
power-J50 watts, 7-ri; pulse lenger, 10 ru;, focused
on stalnless steel zarget -atcrid) ardan gas flow L
4t atmospherc pressure. -— -

Chambar has slignt sositive prassure of argon
200 was’s average pawer, 3.2-ms pulse length, 30 pps,
focuse? on flat stainless stesl plaie.

Figure 2 Detail of fully developed plas—s plune. Figura 3 Plas~a agpearince - walding in argen
ataotphare.
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Figure 6 Scherati. of pressure vossel ysed for tenting at pressures < 75 Pra,
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